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Introduction 
The conventional structural formula for the title compound is as shown, and 
its absolute stereochemistry has now been determined to be [5R-(5ot, 1 la,  





HI,3~ / / "--...~,, 
/ / 
It is potent analgesic (Freed et al., 1973) of clinical interest (Oosterlink and 
Verbaeys, 1980). Although the relative stereochemistry is fairly certain on the 
basis of its preparat ion,  the large five-membered bridge could theoretically be 
trans fused to the aminotetralin instead of the assumed cis fusion. Further- 
more,  even though the amino group was indicated to be trans to the methyl 
group by the chemical shift of the N-methyl derivative, this conclusion is not 
IUPAC name: (-) 13fl-amino-5,6,7,8,9,10,11,12-octahydro-5a-methyl-5-11-methanobenzocyclo- 
decen-3-ol hydrobromide. 
2present address: University of Michigan, Institute of Science and Technology, Biophysics 
Research Division, Ann Arbor, Michigan 48105. 
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entirely unequivocal, since the conformations of the carbocyclic rings are not 
known (Freed et al., 1973). Also, the coupling of the C(I 1) and C(13) protons 
suggests cis, but this is also not easily determined. In addition, the absolute 
stereochemistry is of intrinsic interest. Obviously, a complete X-ray crystal- 
lographic investigation could be used to settle these points, and as a special 
bonus would be expected to yield interesting information concerning the 
rather infrequently encountered N~-H 9 9 9 Br- hydrogen bond. Hydrogen 
bonding of this and other kinds have long been a subject of interest in these 
laboratories. 
Experimental 
Three-dimensional X-ray diffraction data were collected on a Picker 
FACS-1 automatic diffractometer f rom crystals which had a rectangular 
parallelepippedal habit. The radiation was graphite-monochromatized Mo 
Kt~; the 0-20 scan technique was used over a dispersion-corrected base width 
of 1.3 ~ with a scan speed of 2.0 ~ per minute. There was no diminution of 
intensity as a function of time in periodically measured standard reflections. 
The intensity data was reduced to structure amplitudes in the usual way; no 
absorpt ion correction was applied. Additional crystal data and details of the 
data collection are presented in Table 1. Note that there are three molecules in 
the asymmetric unit. 
Structure Solution and Refinement 
The structure was solved by Patterson and Fourier techniques. The 
positions of the bromide ions were obtained f rom a sharpened P(uvw) 
Table 1. Crystal data and data collection 
Formula Ct6H24NO §247 
Mr 326.28 
Crystal system Orthorhombic 
Lattice constants a = 23.080(9) A 
b = 17.000(8) 
c = 11.780(4) 
Space group P212121 
Z 12 
Dx 1.41 g c m  -3 
Crystal size 0.4 • 0.I • 0.1 mm 
(sin 0/h)max 0.54/~-1 
Number of unique reflections 2998 
Threshold Io = 3.09 a(1) 
Number of reflections < threshold 1078 
a (I) Counting statistics 
o ( F )  a ( F )  = [ F  2 • a(I)~/~ - F 
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function: successive p (xyz) maps, initially phased with the bromide positions, 
led quickly to the complete structure (excluding the hydrogen atoms). The 
heavy a tom positions were refined by the full-matrix least-squares method of 
Gantzel et al. (1969). In the final stages the bromide ions were assigned 
anisotropic temperature factors, while the carbon, nitrogen, and oxygen 
a toms were retained as isotropic. The weights used were w = e -2 (F),  but zero 
for reflections below threshold. The function minimized was E w (t Fol -I Fct )2. 
All scattering factors were those in the International Tables for X-ray 
Crystallography, Volume 3 (1962). The final positional and thermal pa- 
rameters,  with their esd's, are presented in Table 2. The final R value for 
observed data is 6.3%. 
Other computer  programs used included the CRVSNET series (Berstein et 
al., 1974) and the graphics programs VIEW (Carrell, 1976) and DOCr: (Badler et 
al., 1979). 
D i s c u s s i o n  
Bond distances, bond angles, and torsion angles 
The presence of three molecules in the asymmetric unit leads to a 
moderately unusual opportuni ty to assess the accuracy of this refinement. The 
bond distances, bond angles, and selected torsion angles are shown in Fig. 1,2, 
and 3. These figures do not depict the true conformations of the molecules, but 
are distorted in order to provide room for the numbers. 
There is a total of 20 C-C,  C-N,  and C - O  bond distances in each 
molecule. The average rms difference in bond lengths among the three 
molecules is 0~ •, or a bit larger than the average esd on a bond distance of 
0.031/~ as obtained f rom the least-squares refinement. With regard to bond 
distances, the three molecules are not significantly different. The same 
conclusion is reached with regard to the bond angles, of which there are 29 in 
each molecule, and the average rms difference is only 2.2 ~ , compared with the 
least-squares average esd of 1.9 ~ . 
In the case of the torsion angles a different conclusion is reached. For the 
11 internal torsion angles not in the plane of the benzene ring, the average 
difference between molecule A and molecule B is 5.6 ~ but the A-C and B-C 
differences are much larger, at 8.0 ~ and 9.5 ~ , respectively. The conclusion is 
that molecule C is conformationally significantly different f rom molecules A 
and B. It seems likely that this difference arises from the geometrical 
requirements of the hydrogen bonding by the NH3 + group, with a small 
influence, perhaps, of packing forces. Stereo views of molecules A, B, and C, 
perpendicular to their benzene rings, are shown in Fig. 4, where it is seen that 
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Fig. 1. Bond distances (A) in the order molecule A, B, C. For each distance the average and its 
standard error are given. No stereochemistry should be inferred from the molecular skeleton, 
which is purely schematic for convenience. 
Stereochemistry 
The absolute configuration was determined by the use o f ~ f '  = -0 .3  and 
Af" = +2.5 for the bromide ion for Mo Kc~ radiation. Relevant data for which 
I(hkl) was markedly different from I(khl) are presented in Table 3. In these 
calculations the positional parameters of  Table 2 were used, and it is these that 
correspond to the correct absolute configuration. 
C-5-13 4o-5-6 
106 107 
104 113 [2 I 
102 II I  121 
~ ( 2 )  ~(3)  C ' ~  ~o8 ~ ( z )  
106 
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, ~  ,2 ~-, 119 16~ ~ ii~ , . ,  \ ,zo 
14 114 - -  i16 
GTII o 
I I b  
- " ~  21._Z_L . , , ~ t t e  ~ H-~,,,, / 112 ~ I 1Is 
~ , 2 ~ ~  ~ " ~ ' ~ > - "  !!_5 ~ .L ,24 
123 
Fig. 2. Bond angles (deg). For each angle the average and its standard error are given~ See legend 
to Fig. 1. 
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Fig. 3. Interior torsion angles. For each angle the average and its s tandard error are given. See 












hkl Rlob s Rlcalc hkl Rlob s Rlcalc 
921 -0.08 -0.09 344 +0.09 +0.09 
814 +0.08 +0.07 342 --0.13 -0.13 
714 +0.08 +0.09 325 +0.08 +0.08 
643 +0.12 +0, t2 3t4 +0.08 +0.07 
652 +0.08 +0.08 112 +0.11 +0.11 
371 +0.10 +0.08 
aRl = (L  + I - ) / (L  + I-), where L is the intensity of(hkl) ,  and I-, of (hk]). For Br- and Mo Ka, 
Af' = --0.3 and Af" = +2.5. 
A stereo view of  molecule  A which includes the hyd rogen  a toms  in their  
a s sumed  pos i t ions  is shown in Fig. 5. The ca rbon ,  n i t rogen,  and  oxygen  a toms  
of  Table  2 were used in the p r e p a r a t i o n  of  this figure,  which therefore  not  only  
shows the cor rec t  re lat ive conf igura t ions  at  a toms  C(5), C(11), and  C(13), bu t  
also the correc t  abso lu te  conf igura t ion .  
The cis fus ion  of  the  f ive -membered  br idge  to the a m i n o t e t r a l i n  moie ty  is 
con f i rmed ,  and  the methyl  g roup  is indeed  trans to the a m i n o  group .  The 
tenta t ive  conclus ions  of  Freed  et al. (1973) are  thus verified. 
Molecular packing and hydrogen bonding 
The  crysta ls  are  held toge the r  by a comp l e x  ne twork  of  O - H  9 " 9 Br- 
and  N - H  9 9 9 Br- hyd rogen  bonds ,as  m a y  be seen in Fig. 6, which is a s tereo 
view of  one uni t  cell. There  are  no a b n o r m a l l y  shor t  in t e rmolecu la r  non-  
b o n d e d  distances.  
Structure  o f  C16H24NO+Br - 
Table  3. Anomalous dispersion data a 
Fig. 5. Stereo view of molecule A, with the hydrogen atoms in their assumed positions, The 
oxygen atom is shown as a filled circle, the nitrogen atom is faintly stippled, 
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Fig. 6. Stereo view of one unit cell showing the molecular packing and hydrogen bonding. 
The details of the proposed hydrogen bonding scheme by the -NH3 + 
groups are shown in Fig. 7. In these figures, the hydrogen atoms, the positions 
of which were not determined directly, were placed in idealized positions, with 
C(13) -N-H and H - N - H  bond angles as tetrahedral, and N - H  bond lengths of 
1.01 A. 
The N(A)H3 § group forms three hydrogen bonds to bromide ions, and 
this group is staggered with respect to the two ligands of C(13A), namely, 
9 
~gA Q~ 3 ZZ~ 240~ '132 ~ 
/ \ 333~ / . / -  / 269~[ 135~ , ' \ -~ 7 /  ~1~ k.~_J z8 
2.38A 
(5C)~ 13 18A 
@ 
Fig. 7. Details of the hydrogen bonding by the three -NH3 + groups .  
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C(5A)  and C ( l l A ) .  The average  dev ia t ion  of  the N+-H 9 9 9 Br- systems 
f rom l inear i ty  is 26 ~ . 
The  N(B)H3  + g roup  appea r s  to  fo rm only two good  n i t r o g e n - h y d r o g e n  
b o n d s  to b r o m i d e  ions.  A thi rd  ne ighbor  of  N(B)  is an  O a t o m  at  2.92 A,  a 
va lue  close to those  observed  in N - H  - 9 - O systems,  b u t  it is seen tha t  the  
N - H . . .  O a t o m s  here dev ia te  grea t ly  f rom l inear i ty  and  the H . . .  O 
d is tance  of  2.40 • is only  sl ightly shor te r  than  the van der  Waals  rad ius  sum, 
so tha t  this i n t e r ac t ion  is a t  bes t  very weak and should  not  p r o p e r l y  be t e rmed  
a h y d r o g e n  bond .  The  N(B)H3 + g roup  is very near ly  s taggered  with respect  to 
the  l igands  o f  C(13B) .  The  two N+(B) - H 9 9 9 Br- systems devia te  f rom 
l inear i ty  by  an  average of  only  11 ~ 
The N(C)H3 + g roup  forms one hyd rogen  bond  to a b romide  ion and one 
to  an  oxygen  a t o m  of  a ne ighbor ing  molecule .  A thi rd  near  ne ighbor  of  N(C) ,  
a l t hough  only 3.01 A dis tant ,  is a second oxygen  a tom,  but  it is not  f avo rab ly  
s i tua ted  no r  is a f o u r t h  ne ighbor ,  a b r o m i d e  ion  at  3.97 A;  here the 
H 9 9 9 Br of  3.18 A is the  same  as the  van  der  W a a l s  sum of  3.15/~,, so no 
in te rac t ion  of  the hydrogen  bond  type is indicated.  An  a l ternate ,  but  much less 
sa t i s fac tory ,  e x p l a n a t i o n  could  be offered.  The h y d r o g e n  a t o m  in ques t ion  on 
N(C)  is involved  in a b i furca ted  hydrogen  b o n d  [to Br(3) and  O], bo th  par t s  of  
which are  qui te  weak.  In the six N - H .  - . Br systems in this crystal  the 
H - . 9 Br d i s t ances  range  f rom 2.34,~ to 2.69 A,  or  s igni f icant ly  smal le r  than  
the van  der  Waa l s  rad ius  sum. F o r  hyd rogen  bond  fo rma t ion ,  the NH3 + is 
aga in  seen to be in the s taggered  c o n f o r m a t i o n  with respect  to the l igands  of  
C(13 C). The  average  dev ia t ion  o f  the  N - H  9 9 9 Br, O a toms  f rom l inear i ty  is 
3 ~ " 
The pheno l i c  h y d r o g e n  a t o m s  are  each involved in h y d r o g e n  b o n d s  to 
b r o m i d e  ions.  The  de ta i l s  of  these are  shown in Fig.  8, where  the O - H  b o n d  
lengths were a s sumed  to be 0.97 A and the C - O - H  bond  angles set a t  110 ~ 
The  dev ia t ions  f rom l inear i ty  are  found  to be 15, 8 and  7 ~ , and  the H - 9 9 Br 
d is tances  are  2.65, 2.62, and  2 .24A,  all  of  which are much  shor te r  than  the van 
der  Waa l s  rad ius  sum of  3.15 A.  
To sum up,  in the p r o p o s e d  hyd rogen  bond in g  scheme of  the 12 hydrogen  
a t o m s  per  a symmet r i c  uni t  which are  ava i lab le  as h y d r o g e n  b o n d  donors ,  10 
Fig. 8. Details of the hydrogen bonding by the three -OH groups. 
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of them are in fact involved in such interactions. Although it is uncommon to 
have such "unused" hydrogen atoms, this situation is not without precedent 
(Donohue,  1952). In a structure as complicated as this one it is remarkable 
that as many as 10 of the suitable hydrogen atoms find appropriate acceptors. 
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